). A total of 1,125 students at baseline were included in this study after excluding those who already had poor sleep quality or short sleep duration in the previous year. A generalized estimating equation was used to analyze the data. High mobile phone addiction (mobile phone addiction score > 20) increased the risk of poor sleep quality but not short sleep duration. We suggest that consistent monitoring and effective intervention programs are required to prevent mobile phone addiction and improve adolescents' sleep quality.
INTRODUCTION
Mobile phones are now an integral part of people's everyday life, especially young people. Mobile phone overuse and addiction is a critical social issue in many societies. Korea has one of the world's highest mobile phone distribution rates. Approximately 90% of 13-year-old Korean adolescents own their own mobile phone according to a 2010 international comparison report from the Groupe Speciale Mobile Association (1) . This rate is higher than those in other Asian countries, China, Japan, and India (from 40% to 60%). Along with the high rate of mobile phone ownership, excessive or uncontrollable use of mobile phones has become a serious social concern for Korean adolescents. Three out of ten teenagers are addicted to their mobile phone according to the Ministry of Science, ICT and Future Planning of Korea. Compared with adults (11.3%), adolescents have a higher mobile phone addiction rate (29.2%) (2). Because teenagers have lower level of self-control, they may be vulnerable to mobile phone addiction (3) .
Mobile phone addiction is a rapidly increasing factor that impacts physical and psychological health. Poor sleep quality and insufficient sleep duration are internationally recognized crucial health concerns. In adolescents, sleep is regarded as especially important, as poor or insufficient sleep may cause poor academic performance or negatively impact growth and development (4-7). Nevertheless, sleep problems are increasingly reported in school-aged children and tend to become worse with age (8) . It is well known that there is an inverse relationship between sleep duration and age (9, 10) . In East Asian cultures, many adolescents have insufficient sleep durations because of a competitive academic environment that forces them to study. Along with insufficient sleep duration, problems related to poor sleep quality have also increased in adolescents (11, 12) . Furthermore, sleep problems established in childhood tend to continue into adulthood (13) .
Many factors impact quality and duration of sleep in adolescents, and one rapidly emerging factor may be the increased use of technology, more specifically mobile phone addiction. There are various reasons why mobile phone addiction may lead to shorter sleep duration or poor sleep (14) . Mobile phones are now used not only for calling but also for text messaging, surfing the Internet, playing mobile games, or using social network services. These behaviors may cause short night sleep and disturbed sleep among adolescents who are addicted to mobile phones.
Mobile phone addiction may lead to less and poorer sleep. Several studies show that the use of mobile phones is associated with insufficient sleep duration (14, 15) . A more recent study, however, shows no significant association between mobile phone addiction and sleep duration (16) . Some researchers found that mobile phone overuse or use in the dark is associated with poor sleep (17, 18) . On the other hand, other researchers found no significant relationship between mobile phone use and sleep disturbances (19) . Most studies have examined hours or frequency of mobile phone use and sleep problems but not mobile phone addiction (18, 20, 21) . Furthermore, few studies, especially longitudinal epidemiologic studies based on nationwide representative samples, have been conducted to examine the relationship between mobile phone addiction and sleep quantity and quality in adolescents. Due to the controversy about the relationship between mobile phone addiction and sleep quantity and quality, more longitudinal studies using a representative sample are required.
Therefore, we performed a longitudinal study using a representative sample of Korean adolescents to examine the relationship between mobile phone addiction and sleep quality and duration. Furthermore, to clarify the nature of the relationship between mobile phone addiction and sleep problems, we examined the incidence of poor sleep quality and short sleep duration and performed subgroup analysis according to mobile phone addiction in the past year.
MATERIALS AND METHODS

Participants
For this study, data from the 3 waves of the Korean Children & Youth Panel Survey (KCYPS) (2011-2013) were analyzed. The National Youth Policy Institute has conducted the KCYPS since 2010. The sample for the KCYPS was selected using stratified multi-stage clustering and was a nationally representative sample of Korean youth. First-year middle school students were stratified into 16 administrative districts relative to the number of students in middle schools in each administrative district. Random sampling was performed using random integers. Expecting that sample attrition would be very slight due to the student study population, we performed a single-subject research design without panel substitution. The panel survey was administered to middle school students and their parents. Group interviews were performed at school for students, and questionnaires were administered to their parents. In total, 2,351 students and their parents were selected as the final sample in the first wave (2010). The sleep quality questionnaire was administered in the second wave (2011). The subjects were 15 years old in 2011 and were followed up until 17 years old. Only 1,125 subjects who did not experience poor sleep quality or short sleep duration in 2011 were analyzed in 2012 as a baseline. We excluded 256 students who had poor sleep quality in the prior year (2012) in the 2013 sleep quality analysis and 288 students who had short sleep duration in the prior year (2012) in the 2013 sleep duration analysis (Fig. 1) .
Outcome variables
The outcome variables were the incidence of poor sleep quality and short sleep duration. Subjects were asked to rate how well they sleep, with poor quality sleep defined as follows: "You cannot fall asleep deeply and wake up often during the night. " Possible responses were: very well, well, poorly, or very poorly. If the answer was "poorly" or "very poorly, " the response was considered to indicate poor sleep quality. Incidence of poor sleep quality was defined as the number of students reporting poor sleep quality in the current year but not in the prior year. Short sleep duration was measured by the inquiry "What time did you go to sleep and get up on average on a weekday (Monday to Friday) this semester?" The number of sleep hours reported by subjects in this study were consistent with those reported in previous studies, which show that a minority of adolescents sleep 8-10 hours (22, 23) . Only 29.1% of subjects in 2011 slept 8 hours or longer, which is recommended for adolescents (24) . As a result, the short sleep duration cutoff was defined as less than 7 hours of sleep in this study.
Mobile phone addiction
Mobile phone addiction was measured by inquiries composed through discussion with a specialist and systematic review: "The amount of time using my cell phone is increasing, " "I feel nervous without my cell phone, " "I feel nervous when I have not received any message or call in some time, " "I'm easily unaware of the passing of time when I'm using my cell phone, " "I feel isolated when I don't have my cell phone with me, " and "I feel too uncomfortable to live even a day when I don't have my cell phone with me. " Answers ranged from 1 to 4 on a 4-point Likert-type scale. Mobile phone addiction level was categorized into 3 groups: low (mobile phone addiction score ≤ 15), middle (mobile phone addiction score > 15 and ≤ 20), and high (mobile phone addiction score > 20).
Covariates
The survey was composed of questions for adolescents and their parents. Questions for children included computer use time ( < 2 hours or ≥ 2 hours), television viewing ( < 2 hours or ≥ 2 hours), studying outside school hours (low, < 2.5 hours; middle, < 4.5 hours; or high, ≥ 4.5 hours), gender (male or female), year of school (3rd year in middle school or 1st year in high school), health status (good or bad), and academic record (high, middle, or low). Questions for parents included residency area (capital city, metropolitan area, or other), household income (very low, low, high, or very high), father's education level (high school/ lower or college/higher), and mother's education level (high school/lower or college/higher).
Statistical analysis
Chi-square tests were used to analyze baseline characteristics according to the occurrence poor sleep quality and short sleep duration. A generalized estimating equation (GEE) model was used to examine the relationship between mobile phone addiction and the incidence of poor sleep quality and short sleep duration. We performed subgroup analysis stratifying the subjects by gender, household income, and mobile phone addiction in the past year.
Ethics statement
The data source used in this study was anonymized prior to public release. Therefore, this study was exempted review by the International Review Board of Yonsei University College of Medicine. 
RESULTS
Descriptive statistics of characteristics of the baseline sample according to the occurrence of poor sleep quality and short sleep duration are shown in Table 1 . In total, there were 1,125 subjects at baseline after excluding those who had experienced poor sleep quality or short sleep duration in the prior year. At baseline, the number of students who had poor sleep quality was 256 (22.8%), and the number of students who had short sleep duration was 288 (25.6%). Considering mobile phone addic- Results of a GEE model for incidence of poor sleep quality and short sleep duration are shown in Table 2 . The incidence of poor sleep quality was significantly higher for children with high mobile phone addiction (mobile phone addiction score > 20) than for those with low mobile phone addiction (mobile phone addiction score ≤ 15) after adjusting for possible confounders (odds ratio [OR], 2.009; 95% confidence interval [CI], 1.443-2.796). For sleep duration, students who studied ≥ 4.5 hours outside of class had a higher risk of short sleep duration than those who studied < 2.5 hours (OR, 2.243; 95% CI, 1.683-2.990). When subjects became high school students, they were likely to have better sleep quality but shorter sleep duration than when they were middle school students (OR, 0.387; 95% CI, 0.283-0.504 for poor sleep quality; OR, 10.621; 95% CI, 8.573-13.156 for short sleep duration). Fig. 2 shows data for mobile phone addiction and sleep quality according to gender. Using the low mobile phone addiction group as the reference group, we found that high mobile phone addiction was significantly associated with poor sleep quality for both genders. Female students with high mobile phone addiction were more likely to have poor sleep than male students with high mobile phone addiction (OR, 1.726; 95% CI, 1.061-2.806 for males; OR, 2.221; 95% CI, 1.392-3.543 for females).
Results of a GEE model stratified by household income are shown in Fig. 3 . Among students with high mobile phone addiction, those in a lower household income group had a higher Fig. 4 shows the association between mobile phone addiction and sleep quality according to mobile phone addiction score in the past year. Students with a worsening mobile phone addiction were more likely to have poor sleep quality than those with a consistent low mobile phone addiction or improving mobile phone addiction (OR, 2.256; 95% CI, 1.253-4.064 for low mobile phone addiction score in the past year and high mobile phone addiction score in the current year; OR, 2.179; 95% CI, 1.177-4.032 for middle mobile phone addiction score in the past year and high mobile phone addiction score in the current year).
DISCUSSION
The importance of sleep for health is well known. Unfortunately, a considerable number of people have insufficient or poor sleep. More than just recognizing the importance of sleep, it is necessary to identify and improve the factors disturbing sleep. There are many factors that interrupt good sleep, and one of these may be mobile phone addiction, especially among adolescents. One possible explanation for this is that individuals who are obsessed with their mobile phone do not want to miss any text messages or social network posts, and this might disturb their deep sleep. Also, mobile phone overuse might reduce physical activities leading to good sleep.
Using longitudinal data, the current study examined whether mobile phone addiction is related to the incidence of poor sleep quality and insufficient sleep duration in adolescents. We found that adolescents who were highly addicted to mobile phones had a higher risk of poor sleep quality but not a significantly shorter sleep duration after excluding those with poor sleep quality or short sleep duration in the prior year. It is well known that media use differs by gender (25) (26) (27) . We also found gender differences in the magnitude of the relationship between mobile phone addiction and sleep quality. When students with high mobile phone addiction were stratified by household income, those in the lower household income group were more likely to have poor sleep quality than those in the higher household income group. Considering mobile phone addiction in the past year, students with a worsening mobile phone addiction had a higher risk of poor sleep quality than those with a consistently low mobile phone addiction or improving mobile phone addiction.
The results of this study are accordance with those of previous studies, which show a relationship between mobile phone use and sleep quality in college students (28, 29) . However, we did not find a significant relationship between mobile phone addiction and sleep duration. Therefore, these results are consistent with those of other studies suggesting that mobile phone addiction has no direct effect on sleep duration in adolescents (16, 30) . The majority of research on the relationship between mobile phone use and sleep characteristics has been performed using cross-sectional data or studies with small sample sizes in spite of large variability at this age. It is possible that adolescents are addicted to their mobile phone because they cannot sleep well in their sleep environment or because they already have poor sleep. Thus, we aimed to overcome the limitations of previous research by conducting a longitudinal study using a representative Korean youth sample to examine the relationship between mobile phone addiction and sleep quality and duration among middle school students. Furthermore, as the associations between mobile phone addiction and sleep character- Fig. 4 . Association between mobile phone addiction and new onset of poor sleep quality according to mobile phone addiction score in the past year. Reference category: low mobile phone addiction score. LCL = lower confidence limit, UCL = upper confidence limit, OR = odds ratio. *P value < 0.05. istics are complex and bidirectional, we assessed the incidence of poor sleep quality and insufficient sleep duration to examine whether mobile phone addiction is associated with decreased sleep quality and sleep duration. There are several limitations of this study. First, mobile phone addiction was measured by items developed in Korea. Therefore, a comparative analysis of Korea and other countries is limited. Second, as the data used in this study did not include information on the type of mobile phones, we could not consider differences between smartphones and feature phones. However, we assume that most youths used smartphones, as the survey was conducted in 2011-2013. Third, sleep-related variables in this study were assessed by self-reported measurements and not by objective measurements such as polysomnogram or actigraphy. However, previous studies suggest that self-reported features of sleep are highly associated with electrophysiological measures of sleep (31) . Fourth, sleep quality was measured by a single question. More thorough approaches such as the Pittsburgh Sleep Quality Index are a more appropriate method of measuring the quality of sleep. Fifth, a comparison between Korea and other countries might provide more useful insights into the association between mobile phone addiction and sleep problems and strategies for reducing the adverse effects of mobile phone use on sleep in youth. Finally, residual confounders were not investigated in this study, such as depression, anxiety, parents' sleep patterns or sleep circumstances, because of lack of information in the data used in this study.
Despite these limitations, this study has several strengths. First, stratified, randomly sampled, national data were used in this study. Using this community-based large-scale sample increases the external validity of this study and provides more representative results than prior studies with small sample sizes. This large-scale sample also made it possible to conduct well-polished analyses and control potential confounders. Second, this study used longitudinal data instead of cross-sectional data. As most studies of mobile phone addiction and sleep quality in school-aged children are cross-sectional, longitudinal studies in this area are relatively rare. Third, we investigated both adolescents and their parents. Surveying both types of individuals enabled us to obtain more precise information and consider family background. Finally, we excluded students who had sleep problems in the prior year and analyzed the incidence of sleep problems. We found that high mobile phone addiction was a risk factor for poor sleep in school-aged children, even though a bidirectional and more complex relationship may exist between mobile phone addiction and sleep problems.
The current study shows the longitudinal relationship between mobile phone addiction and sleep quality in adolescents. Adolescents tend to be more easily addicted to mobile phones than adults, and this addiction may persist and influence sleep disorders in adulthood. Although teenagers at risk of mobile phone addiction report that family or friends' support is the most helpful factor for decreasing their mobile phone use (2), Korean parents do not care much about their children's use of mobile phones (1) . Therefore, we should raise awareness of mobile phone addiction and associated sleep problem among adolescents and their parents. Monitoring mobile phone addiction in adolescents is important, and parents should pay attention to whether their children's mobile phone addiction leads to sleep problem, which in turn may cause physical and psychological health problems. For teenagers, education programs concerning the suitable use of mobile phones and ways of controlling mobile phone use time and counseling programs for those who are already addicted to their mobile phone are required. The findings of this research provide good information to improve youth's sleep quality, which is a crucial worldwide issue.
